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EPIDEMIOLOGICAL STUDIES OF THE LEUKEMOGENIC
EFFECTS OF RADIATIONt
Although it was never my good fortune to meet Professor Winslow, he
did, however, play a major role in my choice of career. Consequently I
was not only deeply honored by Dr. Payne's invitation to give this lecture
but very pleased personally. Dr. Winslow's influence came through the
printed word. As a junior medical student I spent some time browsing in the
medical library. On one such occasion I came across a shelf of books devoted
to epidemiology and included among them was Dr. Winslow's, Conquest
of Epidemic Disease' which stimulated my interest in epidemiology to
such an extent that I spent that year reading all the books on epidemiology
in the library.
Later I was to become more familiar with the contributions, breadth
of vision and interests of Professor Winslow. The subject we shall discuss
this afternoon is one in which I am certain Dr. Winslow would have been
interested because of the contribution made to biological knowledge by
epidemiological investigation and its significant role in laying a firm base
for public health programming.
In discussing the subject before us this afternoon I would like to limit
our consideration to the epidemiological studies of the leukemogenic
effects of radiation in man. Because of the scope of the topic it seems wise to
focus on a specific area; but still another reason for so doing is that
individual members of our department as well as some students, by sheer
circumstance and not as a result of an over-all plan, have been or are
engaged in studying one or more facets of this specific problem. Therefore,
limiting our consideration to this particular aspect of the effects of radia-
tion permits me to present some results of these studies which would be
impossible if one used a more global approach.
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In this discussion I will initially present an over-all view of the types
of epidemiological studies that have been done and then, for selected types
of studies, I will present some illustrative data collected by other investi-
gators as well as by members of our group. On our way over this road
I will attempt to discuss some of the problems involved, as well as take a
few side paths to issues in areas outside of leukemia and radiation. Hope-
TABLE 1. TYPES OF EPIDEMIOLOGICAL STUDIES ON RADIATION LEUKEMOGENESIS
A) Leukemia in Japanese A-Bomb Survivors
B) Leukemia in Radiologists
C) Leukemia in Groups with Medical Radiation Exposures
1. Ankylosing spondylitis patients
2. Children radiated for "enlarged thymus"?
3. Medical internal radiation exposures-P-32
4. Therapeutic and diagnostic radiation in adults
5. Prenatal diagnostic radiation
TABLE 2. RISK OF LEUKEMIA IN HIRoSHIMA A-BOMB SURVIrORS
(1946-1962, OPEN POPULATION)
Estimated Cases Ratio to
Metres from dose range* Exposed Leukemia per 106 expected
hypocentre (rad) population cases exposed incidencet
0-1,500 >10,000-200 11,839 127 1,072 26.1
1,500-5,000 200-<1 87,230 57 65 1.6
0-5,000 >10,000-<1 99,069 184 186 4.5
* Without correction for attenuation by shielding.
t The expected incidence is that observed in the period 1946-1962 in the population
beyond 5,000 m., namely 41 x 106.
Source: United Nations Scientific Committee on the Effects of Atomic Radiation.!
fully these will prove of interest to you. Table 1 is a summary of the types
of epidemiological studies that have been conducted.
Some of the most informative and definitive data available on this
subject is that derived from the Atomic Bomb Casualty Commission
(ABCC) studies in Hiroshima and Nagasaki.2 I am certain that you are
sufficiently familiar with this study program that I do not have to discuss
it in detail. A summary of the results obtained thus far in the study of
leukemia rates follows. Figure 1 shows the increased leukemia incidence
rates in the exposed group as compared to the nonexposed. It is of interest
that this increase has been maintained for the period of 15-20 years fol-
1"
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lowing the actual exposure, although at present it appears to be declining.
Table 2 contains the basic data and shows the marked increase in the risk
of developing leukemia for those with the greatest degree of exposure.
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FIG. 1. Leukemia cases in Hiroshima, 1946-1962.
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For a number of years there has been considerable interest in the mor-
tality experience of radiologists in an effort to determine the effects of
long term exposure to radiation. The most recent study reported is that
of Seltser and Sartwell8 in which the mortality experience of members of
a radiological specialty society was compared with that of the members of
other specialty societies. Their findings show that the radiologists have
experienced a higher mortality rate, with all causes of death represented,
TABLE 3. DEATHS FROM MAJOR CAUSES AND LEUKEMIA IN RSNA, 1935-1958,
WITH EXPECTED DEATHS BASED ON THE AGE- AND TIME-SPECIIC
MORTALITY RATES OF THE AAOO
Expected no. Excess of
Observed of deaths observed
Age group deaths at AAOOt over Mortality
Cause of death (years) in RSNA* rates expected ratio
All causes 35-49 79 61.5 17.5 1.3
50-64 339 271.5 67.5 12
65-79 438 295.0 143.0 1.5
35-79 856 628.0 228.0 1.4
Leukemia 35-49 2 1.9 0.1 1.0
50-64 8 1.1 6.9 7.3
65-79 9 4.7 4.3 1.9
35-79 19 7.7 11.3 2.5
* The Radiological Society of North America.
tThe American Academy of Ophthalmology and Otolaryngology.
Source: Seltser and Sartwell.8
than the other specialists. Table 3 shows that the radiologists had a 2½2
times greater mortality from leukemia than did the ophthalmologists. There
is little need to dwell on these findings; the data indicate that chronic
whole-body radiation exposure produces an excess mortality from leukemia
as well as an increase in over-all mortality. The leukemogenic effect is
cdearly of greater magnitude than the life-shortening effect.
Another approach to the problem has been the study of subgroups of the
population who have had unusual radiation exposures for various medical
reasons. One such study was carried out by Court-Brown and Doll' who
studied and followed over 13,000 patients in England with ankylosing
spondylitis who had received radiation therapy ranging from 112 r to more
than 3,000 r in varying numbers of courses of therapy administered in a
fractionated form over a period of years. A summary of the results is
1"
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contained in Table 4 where we note that with increasing dosage of radiation
there resulted an increasing incidence of leukemia.
In this study, the "control" data used for comparison with that of the
patients with ankylosing spondylitis was the mortality experience of the
general male population of England. One might feel that this was an in-
adequate control group and that, therefore, a certain possibility of error
exists, particularly since there is now a report on the association between
leukemia and rheumatic disease, and it is also possible that certain chemical
agents in addition to radiation used in the treatment of these spondylitic
patients might be leukemogenic. However, it is difficult to believe that
the dose-leukemia relationship can be completely explained on such grounds.
There have been a number of epidemiological studies on the frequency
of leukemia in children who received radiation in childhood for "enlarged
thymus glands." In several of the reported studies an increased frequency
of leukemia has been noted, but in others the results have been negative.
One can only regard such data as being suggestive, especially since it is
difficult to differentiate a causal from an indirect association hypothesis.
That is, even if a relationship is definitely observed, one must decide in
interpreting this whether radiation is a cause of the leukemia or whether
the thymic enlargement in itself may result in an increase in the frequency
of leukemia later in life. This differentiation may be difficult to make in
the absence of a randomized controlled trial.
Another source of radiation exposure that has been studied is that of
internal radiation administered medically for the diagnosis and treatment
of various diseases, for example, I-131 in the treatment of thyrotoxicosis
and P-32 in the treatment of polycythemia vera. Studies are in progress
with respect to several of these possible etiological agents, such as I-131,
but we shall have to suspend judgement on the leukemogenic effects of
several of these agents until the results have been reported. However,
recently a student in our department completed a sttudy on the relationship
of X-ray and P-32 treatment of polycythemia vera to leukemia and the
results are of interest since they illustrate an approach to this general
type of problem.
As you know, for many years there has been an increasing number of
observations indicating that polycythemia vera patients have an increased
risk of developing leukemia. Many have felt that leukemia may have been
the result of the therapy but others, and I think a majority, believed that
the leukemia was part of the underlying disease process that produced
polycythemia vera; more specifically, that it was one of the components
of a group of myeloproliferative disorders and therefore, any stimulus that
would be of etiological importance in one would also result in the other
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disease. One of the difficulties in evaluating this hypothesis resulted from
the inability of a single investigator to obtain a series of untreated poly-
cythemia vera patients, as well as a reluctance to conduct a controlled
clinical trial. Modan,5 working in our department, conducted a study of 512
patients with polycythemia vera, 476 with polycythemia of questionable
nature and 234 with polycythemia secondary to lung disease, all of whom
were diagnosed during 1937-1953 in seven medical centers in the United
States. He traced these patients through the end of 1961 and obtained
information on methods of treatment, survivorship and on many other
pertinent variables. A detailed analysis of the findings have already been
reported but the data of interest are summarized in Table 5. The data
are presented for all patients in the study and also for a subgroup con-
sisting of those patients who were seen and treated during the year when
the initial diagnosis was made. You will note that only about 1 per cent
of the patients who were not radiated developed acute leukemia whereas
about 9 to 17 per cent of patients who received P-32 and/or X-ray treat-
ment developed acute leukemia. I might add that similar differences were
noted with regard to other forms of leukemia such as chronic myeloid
and chronic lymphatic leukemia.
With respect to the original question posed, it is clear that the majority
of acute leukemias that occurred in polycythemia vera patients are asso-
ciated with radiation therapy. However, from this type of study one cannot
rule out the possibility that a basic relationship between these two diseases
-polycythemia vera and leukemia-does exist. It is possible that patients
with polycythemia vera have an increased susceptibility to the develop-
ment of leukemia when exposed to an environmental stimulus such as
radiation. The only means by which an answer can be obtained to this
question is by a randomized controlled clinical trial.
There have been reports of studies of patients with different diseases, such
as tuberculosis and cancer of the cervix, in which diagnostic or therapeutic
radiation has been used. The results are only suggestive regarding pos-
sible leukemogenic effects of radiation and additional studies are neces-
sary for more definite conclusions. Also, there are a few reports in the
literature of retrospective studies of adult cases of different forms of
leukemia that suggest a higher frequency of exposure to diagnostic radiation
for the myeloid forms of leukemia as compared to the lymphoid forms. At
present one can only say that these studies are suggestive with regard to
the possible influence of diagnostic radiation on the development of
leukemia in adults.
In the past decade, a number of investigators have reported on the
relationship of exposure of the fetus to diagnostic radiation and the sub-
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sequent development of childhood leukemia."- There have been a number
of retrospective studies in which childhood leukemia cases or deaths were
selected and compared to various types of control groups with respect to
the frequency of this type of radiation exposure. Table 6 presents a sum-
mary of the results of these studies. The most extensive study (that by
TABLE 6. RELATIVE LEUKEMIA RISK IN RETROSPECTivE STUDIES OF CHILDREN
DYING OF LEUKEMIA AFTER DIAGNOSTIC IRRADIATION IN UTERO
Reference
Stewart
Ford, et al.7
Kaplan8
Kaplan'
Polhemus and Koch'
Kjeldsberge°
Murray, et a]L.
Murray, et al.=
Murray, et al.=
(y'
leu
at
Age
ears) of Years of
tkemics death for
death leukemics Leukemics
<10 1953-55 96/780
(12.3%)
<10 1951-55 20/70
(28.6%)
? 1955-56 37/150
(24.7%)
? 1955-56 34/125
(27.2%)
? 1950-57 72/251
(28.7%)
? 1946-56 5/55
(9.1%)
<20 1940-57 3/65
(4.6%)
<20 1940-57 3/65
(4.6%)
<20 1940-57 3/65
(4.6%)
Source: United Nations Scientific Committee on the Effects of Atomic Radiation.
Stewart) shows a relative risk of 1.8. Four additional studies of inter-
mediate size (Ford, Kaplan, and Polhemus and Koch) had relative risks
ranging from 1.3-1.7, which are clearly consistent with Stewart's results.
Of the four remaining studies, only one had a relative risk greater than
1 (1.9). However, it is clear that even in the case of the other three
small studies, the 95 per cent confidence limits indicate that their relative
risks are consistent with those of the larger studies. In addition when one
considers the variety of control groups used and the sampling variability,
151
Percentage of
mothers receiving
abdominal irradiation
during pregnancy
Relative risk,
95% limits
in brackets
1.8 (2.4-1.4)
1;7 (2.9-0.8)
1.7 (3.7-1.0)
1.4 (2.5-0.7)
1.3 (2.0-0.9)
0.6 (2.0-0.2)
1.0 (12.0-0.6)
0.6 (2.4-0.1)
1.9 (40.0-1.1)
Controls
117/1,638
(7.1%)
48/247
(19.4%)
24/150
(16.0%)
27/125
(21.6%)
58/251
(23.1%)
8/55
(14.5%)
3/65
(4.6%)
7/93
(7.5%)
2/82
(2.4%)YALE JOURNAL OF BIOLOGY AND MEDICINE
the results are remarkably consistent in showing an excess frequency
of leukemia among children of radiation-exposed mothers.
For a period of several years we were engaged in a collaborative epi-
demiological study of leukemia with the Roswell Park Memorial Institute
and the Department of Epidemiology of the University of Minnesota.' In
this study, leukemia-reporting systems were set up in the Baltimore Metro-
politan Area, the Minneapolis-St. Paul Metropolitan Area and the Metro-
TABLE 7. ADJUSTED PERCENTAGE OF MOTHERS ExPoSED TO DIAGNOSTIC
RADIATION PRIOR TO CONCEPTION, OF CASES AND CONTROLS, WITH
ESTIMATED RELATIVE RISK OF LEUKEMIA
Per cent irradiated
Adjusted for:
1. Year of birth, age of mother,
and birth order
2. Year of birth, age of mother,
and pregnancy order
3. Year of birth, age of mother,
miscarriages and stillbirths
4. Age of mother, miscarriages
and stillbirths, and birth order
5. Age of mother, miscarriages
and stillbirths, and
pregnancy order
Cases
(313)
Controls
(853)
46.0 36.4
46.2 36.5
46.7 36.2
47.1 34.0
46.9 34.1
Relative
risk
1.55
1.56
1.60
Probability
.003
.003
<.001
1.73 <.001
1.73 <.001
Source: Graham, et al.'
politan Areas around the urban centers of Upstate
Buffalo, Rochester, Syracuse, Albany and several
New York, including
others. As a control
group, probability samples of the populations of these areas were selected.
Information was obtained on a variety of subjects of epidemiological
interest in leukemia by interview of adult cases and of mothers of children
(under 15 years of age) with leukemia, as well as of the probability sample
controls. Analysis of the collected data is still in progress but the
radiation exposure histories of the childhood leukemia cases have been
analyzed. A detailed report of the results has recently been published and
I would like to present a few of the findings.
In this study, there were 319 childhood leukemia cases and 884 control
children for whom all desired data were completed. Information was ob-
tained by interview, but with respect to radiation exposure, all parents
152
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were asked to provide a hospitalization history and the names of all those
physicians who attended the mother and child. Hospital and physicians
records were reviewed to determine radiation exposure. It is of interest
that a major portion of the information on radiation exposures was obtained
from these medical records.
Table 7 shows the adjusted percentage of radiated mothers and the
relative risk of leukemia, according to the diagnostic radiation experience
TABLE 8. ADJUSTED PERCENTAGE OF FATHERS EXPOSED TO DIAGNOSTIC
RADIATION PRIOR TO CONCEPTION, OF CASES AND CONTROLS, WITH ESTIMATED
RISK OF LEUKEMIA
Per cent irradiated
Cases Controls Relative
Adjusted for: (310) (853) risk Probability
Year of birth, age of father,
and pregnancy order 26.3 22.4 1.31 .16
Source: Graham, et al.'2
TABLE 9. PERCENTAGE OF MOTHERS EXPOSED TO ABDOMINAL IRRADIATION
DURING PREGNANCY, OF CASES AND CONTROLS BY YEAR OF BIRTH, WITH
ESTIMATED RELATIVE RISK OF LEUKEMIA
Cases Controls
Per cent Per cent
Subject's year of birth Number irradiated Number irradiated Relative risk
1945-54 128 8.6 522 6.5 1.35
1955-62 185 8.6 332 6.0 1.48
1945-62 313 8.6 854 6.3 1.40
Source: Graham, et al.'
of mothers prior to conception, for both the cases and controls. These data
are adjusted for various combinations of factors that have been shown
to be possibly associated with either leukemia or pre-conception radiation.
We note an excess frequency of mothers of leukemia cases who were ex-
posed to diagnostic radiation, with the lowest relative risk in the table being
1.55, which is statistically significant. The data were also examined with
regard to the father's experience with pre-conception radiation and Table 8
shows that the observed difference was not statistically significant. Thus
we have the interesting possibility that pre-conception radiation of mothers
might increase the risk of leukemia in their offspring. This observation
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was made earlier by Stewart and co-workers? but attracted very little at-
tention. Later, we shall return to the possible biological significance of this
finding.
The findings after abdominal intra-uterine radiation exposure are pre-
sented in Table 9 for different groups of years of birth. The relative risks
noted (1.35-1.48) are similar to those reported in the other retro-
spective studies. In addition, comparisons were made of radiation ex-
posure to all sites during pregnancy, for both case and control mothers,
TABLE 10. ADJUSTED PERCENTAGE OF MOTHERS IRRADIATED DURING PREGNANCY,
OF CASES AND CONTROLS, WITH ESTIMATED RELATIVE RISK OF LEUKEMIA
Per cent irradiated
Cases Controls Relative
Adjusted for: (313) (853) risk Probabilita
1. Year of birth, and
age of mother 29.3 23.9 1.42 .067
2. Year of birth, and
birth order 29.5 23.8 1.40 .053
3. Year of birth, and
pregnancy order 29.4 23.5 1.42 .044
4. Year of birth, age of mother,
and birth order 30.1 22.5 1.56 .009
5. Year of birth, age of mother,
and pregnancy order 30.3 22.4 1.59 .006
Source: Graham, et al.12
adjusted for combinations of year of birth, age of mother, birth order
and pregnancy order (Table 10). The relative risks observed were
similar to those in Table 9.
It was also possible to examine the frequency of exposure to postnatal
radiation and the results are presented in Table 11, where individuals who
received some postnatal radiation are compared with those who were ex-
posed to no radiation at all. Individuals who received intra-uterine or pre-
conception radiation were excluded from this analysis. No differences were
noted with regard to postnatal radiation in toto. However, statistically
significant differences were noted as a result of multiple exposures of post-
natal radiation.
The higher risks of leukemia associated with pre-conception radiation
of parents, intra-uterine radiation and postnatal radiation to multiple sites
154
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suggests the need to examine risks for various combinations of radiation.
Table 12 presents data bearing on this point. Those who had intra-uterine
radiation and who had one or both parents exposed prior to conception
(Items 1 and 2 in Table 12) show a highly significant relative risk when
compared with those who had received no radiation whatsoever. Other
combinations of radiation did not result in significantly elevated relative
risks.
At present there is considerable interest in the question of the rela-
tionship of intra-uterine radiation to leukemia because this epidemiological
TABLE 11. RELATIVE RISKS OF LEUKEMiA ASSocIATED WITH POSTNATAL
RADIATION OF THE CHILD, EXCLUDING THAT WITHIN SIX MONTHS OF
DIAGNOSIS OR INTERVIEW OF CASE OR CONTROL, BY SITES RADIATED;
ADJUSTED FOR AGE AND SEX OF CHILD
Relative
Type of experience Cases Controls risk Probability
No postnatal, intra-uterine, or
pre-conception irradiation vs.: 71 254
Irradiation:
1. Any postnatal 92 318 1.3 .12
2. More than one site 33 67 2.3 .001
3. Chest and other site(s) 27 60 2.2 .005
4. Abdomen and other site(s) 13 23 2.2 .06
5. Teeth and other site(s) 19 31 3.8 <.001
Source: Graham, et al.'
model would provide some data on the influence of low-dose radiation.
Because of the difficulties associated with retrospective studies, several
prospective studies of this relationship have been reported. In Great
Britain, Court-Brown, et al.' found nine leukemia deaths among a cohort
of 39,166 children who were exposed to intra-uterine radiation during
1945 to 1956. No control group was studied but the observed number
was compared with an expected number of 10.5 estimated from general
population mortality experience. MacMahone3 reported on a retrospective
cohort study, which has some, though not all of the advantages of a
prospective study. His study group consisted of 734,243 children born in
and discharged alive from 37 hospitals in the northeastern part of the
United States. The frequency of intra-uterine X-ray exposure (10.6%o)
was estimated by reviewing the obstetrical records of a 1 per cent systematic
sample of the study group. Children from this cohort who died from
155YALE JOURNAL OF BIOLOGY AND MEDICINE
TABLE 12. RELATIVE RISKS OF LEUKEMiA ASSOCIATED WITH COMBINATIONS OF
POSTNATAL, INTRA-UTERINE, AND PRE-CONCEPTION RADIATION OF CASES
AND CONTROLS, ADJUSTED FOR AGE OF MOTHER,
AND PREGNANCY ORDER
Type of experience
No irradiation vs.:
1. Intra-uterine and maternal
pre-conception irradiation
2. Intra-uterine and maternal
and/or paternal pre-conception
irradiation
3. Postnatal and parental irradiation
(pre-conception and/or
intra-uterine)
4. Any irradiation, pre-conception
and/or intra-uterine and/or
postnatal
Source: Graham, et al.'"
leukemia were identified by reviewing
comparison of this group with the 1 per
YEAR OF BIRTH,
Relative
Cases Controls risk Probability
129 345 1.89 .006
137 359 1.94 .003
122 404 1.21 .45
306 826 1.28 .05
birth and death certificates. A
cent systematic sample indicated
that leukemia mortality was about 40 per cent higher in the X-rayed
group than in the non-X-rayed group, resulting in a relative risk of 1.4.
In our department, Diamond and Lilienfeld1' are conducting a pros-
pective study on this relationship. The study is still in progress but
I thought you might be interested in some of the findings even though
TABLE 13. PRESENT FOLLOW-UP STATUS OF EXPOSED AND CONTROL GROUPS
Found Found Not Per cent
Race Status dead alive located Total located
White Exposed 96 5168 446 5710 92.19
White Control 93 10245 768 11106 93.08
Negro Exposed 151 8762 535 9448 94.34
Negro Control 267 14717 883 15867 94.43
White Exposed 247 13930 981 16816 92.78
Negro Control 360 24962 1651 25315 94.40
Total ex-
posed &
control 607 38892 2632 42131 93.75
Source: Diamond and Lilienfeld.'
156
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they are preliminary. In this study the radiology departments of nine
hospitals in Baltimore furnished lists of women who from 1947 to 1957
received abdominal X-radiation during their pregnancy. The type of
radiation exposure included pelvimetry, placentogram, flat plate, etc.
TABLE 14. NUMBER OF DEATHS AND DEATH RATES PER 100,000 PERSON YEARS BY
CAUSE AND RACE
White
Cause
Negro
Exposed Control Exposed
No. rate No. rate No. rate
Control
No. rate
Infective and parasitic
diseases 001-138
Neoplasms 140-205
(Leukemia)
Diseases of the nervous
system and sense
organs 330-398
Diseases of the respira-
tory system
470-527
Diseases of the
digestive system
530-587
Congenital malformation!
750-759
Accidents, poisonings
and violence
800-999
Other
Total
Persons
Person-years
7 14.2
9 18.2
(6) (12.2)
8 16.2
25 50.7
9 18.2
12 24.3
7 7.2 11 14.6 18 13.8
6 6.1 3 4.0 10 7.7
(2) (2.0) (0) (0) (3) (2.3)
7 7.2 16 21.2 22 16.9
16 16.4 53 70.2 76 58.5
8 8.2 13 17.2 19 14.6
21 21.5 12 15.9 30 23.1
18 36.5 21 21.5
8 16.2 7 7.2
96 194.6 93 95.1
5264 10338
49319.67 97804.58
31 41.1
12 15.9
151 200.0
8913
75504.17
Source: Diamond and Lilienfeld.1
From the hospital chart relevant information concerning the pregnancy
is abstracted. Within each hospital, two controls, matched on parity,
and on sex and race of the child, are selected for each woman. The
nearest matching deliveries, one prior and one subsequent to the date of
birth of the exposed child, not already selected, are chosen. In abstracting
control charts about 3 per cent are found to have been radiated during
pregnancy. These are then allocated to the exposed group and new controls
157
60 46.2
32 24.6
267 205.4
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are selected. Stillbirths, neonatal deaths and multiple births are separated
for special consideration in future analyses. The basic study population
to be followed consists of approximately 17,000 exposed and 34,000 control
children, all single births living at least 28 days after delivery.
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FIG. 2. Mortality experience of exposed and control white children for each year
after birth.
The tracing of these children, started during 1960, consists of deter-
mining whether the child is alive or dead. If dead, the date and place
of death, are determined and the death certificate obtained. Every possible
means is used to trace these children. The results of the tracing procedures
are presented in Table 13. Thus far we have traced about 94 per cent of
the entire study population. We are still in the process of tracing these
children and expect to increase this percentage.
in8
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Table 14 contains the death rates per 100,000 person years by cause of
death and by race for the exposed and control groups. You will note that
the white exposed group was subjected to a mortality experience that
was about twice that of the control group and that this was present for
I
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C
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a *xposed
E Control
Negro
1=
L 2 3 4 5 6 7 8 9 10
Year of Birth
FIG. 3. Mortality experience of exposed and control Negro children for each year
after birth.
all causes of death except for congenital malformations. Although the
numbers are small, the mortality from leukemia in the exposed group is
about six times that in the control group. However, when we look at the
Negro group, there are no differences in the mortality experience of the
exposed and control groups.
We were interested in determining the mortality experience for each
year after birth. The results are presented in Figures 2 and 3, where
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we note that for the whites, the excess mortality for the exposed group is
present throughout life but for the Negroes, no differences between exposed
and control groups can be noted.
The X-rays may have been taken during pregnancy because of abnormal
conditions present in the mother and it is possible that these conditions
represent the underlying common denominator in the relationship between
X-ray exposure and excess mortality. We compared the mortality ex-
perience of those with complications of pregnancy and/or operative de-
liveries with those who did not have such complications. The results are
TABLE 15. NUMBER OF DEATHS AND DEATH RATES PER 100,000 PERSON YEARS BY
COMPLICATIONS OF PREGNANCY AND OPERATIVE PROCEDURES, WHITE
Exposed Control
Complications Operative No. No.
ofpregnancy procedures No. dead Rate No. dead Rate
None None 2299 34 159.06 7213 58 85.48
None Some 593 9 167.49 435 5 128.38
Some None 1484 31 218.93 2344 26 114.08
Some Some 883 22 263.40 345 4 122.77
Total None 3783 65 182.91 9558 84 92.66
is Some 1476 31 225.85 780 9 125.83
None Total 2895 43 160.54 7648 63 87.81
Some " 2367 53 235.42 2689 30 115.17
Source: Diamond and Lilienfeld.'
presented in Table 15 for whites and in Table 16 for Negroes. Clearly,
among the whites, the observed differences in mortality rates are not ex-
plainable by differences in frequency of complications and/or operative
deliveries, since the differences are present for those who had no compli-
cations or operative procedures. Among Negroes, again no essential
differences are to be noted between the exposed and control groups.
These findings are of interest since they raise many questions to which
we do not have the answers. The white experience with respect to leukemia
and cancer in general is consistent with previous reports but we do not
understand why the Negroes do not have similar differences. Also, it
isn't quite clear why the differences in the white group continue throughout
the early years of life. Is it possible that similar to the experience of
radiologists, there is a nonspecific "aging" effect of X-ray exposures even at
these low doses? Or, is there some other factor or factors that differentiate
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the exposed from the non-exposed groups? If there are, it would indeed
be surprising if prenatal events have such a long-lasting effect on mor-
tality.
There is one additional aspect of this general problem that I would like
to introduce because it is of some importance. As you know, children
with mongolism have a very much higher frequency of leukemia-of the
order of ten to twentyfold. Mongolism is due to a chromosomal abnor-
mality and in some forms of leukemia an abnormal chromosome has been
found. We also know that radiation can produce chromosomal abnormalities
TABLE 16. NUMBER OF DEATHS AND DEATH RATES PER 100,000 PERSON YEARS BY
COMPLICATIONS OF PREGNANCY AND OPERATIVE PROCEURES, NEGRO
Exposed Control
Complications Operative No. No.
ofpregnancy procedures No. dead Rate No. dead Rate
None None 3551 56 195.40 9145 155 199.88
None Some 293 12 530.17 184 1 61.23
Some None 3871 63 184.05 5302 103 215.72
Some Some 1195 20 193.89 346 8 268.20
Total None 7423 119 189.18 14449 258 205.88
de Some 1489 32 254.27 530 9 194.98
None Total 3845 68 219.80 9330 156 196.99
Some " 5066 83 186.33 5648 111 218.81
Source: Diamond and Lilienfeld.'
in both man and animals. One would, therefore, expect that radiation should
be related to the development of mongolism. However, since the type of
chromosomal abnormality-trisomy-found in 95 per cent of cases of mon-
golism is a resultofnon-disjunction, the etiological agent that would produce
this must act pre-conceptionally or very shortly after fertilization.
To test the possible relationship of mongolism to radiation, Sigler,
et al.'7 conducted a study of a group of 216 mongols in Baltimore and a
control group of children matched for place of birth, date of birth, sex and
maternal age at birth. Parents of mongol and control children were inter-
viewed with respect to a broad range of characteristics. Hospital records
were reviewed as an independent check on the history of radiation exposure.
In the analysis, radiation exposures were categorized as either being
diagnostic, fluoroscopic, therapeutic or occupational. The results are pre-
sented in Table 17. You will note that for the mothers of the children,
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a larger percentage of the mothers of mongols gave a history of having
been exposed to fluoroscopic and therapeutic radiation and to various
combinations of types of radiation. An additional finding of interest is the
fact that 8.7 per cent of the fathers of the mongol group had worked with
radar as compared to 3.2 per cent of the control group.
TABLE 17. SUMMARY OF PARENTAL DIAGNOSTIC, FLUOROSCOPIC, AND
THERAPEUTIc RADIATION
Type of exposure
Mothers
(Percentexposed)
Mongols Controls
(216) (216)
Fathers
(Percentexposed)
Mongols Controls
(216) (216)
No radiation
Radiation
Diagnostic only
Fluoroscopic only
Therapeutic only
Diagnostic and fluoroscopic
Diagnostic and therapeutic
Fluoro. and therapeutic
Diag., fluoro., and therapeutic
Unknown
50.0
24.0
4.8
3.3
6.7
3.4
1.0
6.3
59.9
27.1
3.4
1.4
3.9
2.9
.5
.9
3.7 4.2
Interview
43.7 50.0
31.5 25.5
5.6 5.4
2.0 1.9
8.6 10.3
5.6 4.9
1.0 1.0
2.0 1.0
8.8 5.6
72.7 No radiation
Radiation
Diagnostic only
Other types
Unknown
27.3
* - -
Hospital records
78.2 85.6
20.4
1.4
84.2
14.4 14.4
1.4
.5
Source: Sigler, et al.U
The differences found are not large but quite striking, particularly since
no other differences in characteristics were found between mongols and
controls except with regard to a higher frequency of divorce among
mongol mothers. Thus, there appears to be a unifying factor in the form
of radiation exposure to the observed disease relationships. These results
do require confirmation and additional types of studies readily suggest
themselves.
I do not think that there is any doubt about the leukemogenic effects
of X-radiation in man. Clearly the evidence to date is sufficient to warrant
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taking some preventive measures; even though at this point in time
one cannot consider this to be much of a contribution. Thus, one might
well ask whether we need to pursue this subject any further or are there
some biological issues that can be profitably pursued within these human
epidemiological models. I would like to spend the remaining moments
briefly mentioning some of the unanswered questions and future research
potentials.
One interesting issue results from the finding suggesting that pre-
conception radiation may play an etiological role in childhood leukemia.
Such an etiological relationship is not biologically unreasonable in view
of the possible relationship of chromosomal abnormality to leukemia, since
it is conceivable that radiation of the ovary may result in chromosomal
damage in the ova. It might be possible to study this issue directly by
histological examination and perhaps tissue culture examination of ovarian
tissue and then to relate the observations to a history of previous radiation
exposure. Pre-conception radiation may also be of importance as an
etiological agent in other congenital defects and other types of chromo-
somal abnormalities and these possibilities should be investigated. The
finding of excess exposure to radar among fathers of mongols suggests
that this type of environmental exposure should be further studied with
respect to its possible effects in the development of other diseases. At this
point, before proceeding further I might emphasize that all the new findings
reported this afternoon require confirmation, not only in other retro-
spective studies, but also in prospective studies.
Another interesting relationship is that of prenatal radiation to increased
risk of mortality among white children for several years after birth. Does
this suggest that the association is an indirect and non-etiological one or
does it reflect a broader over-all effect of such type of radiation exposure?
One of the other interesting problem areas concerns the question of
whether a pre-leukemia phase of the disease can be recognized. It seems
to me that intensive periodic study of high risk groups such as the spondy-
litics or those with polycythemia vera or those exposed to intra-uterine
radiation would be very profitable. From this viewpoint it would also be
useful to seek out other similar highly exposed groups in the population
for study.
In view of the present interest in the relationship of viruses to leukemia,
there will probably come a time in the not too distant future when investi-
gators will be actively studying the relationship between viral-induced
leukemia and radiation-induced leukemia to determine whether these two
different environmental stimuli act through a similar or different cellular
mechanism and whether there is any interaction between the two. When
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these problems become researchable, I think that the epidemiologically
defined populations which we have discussed may well provide the most
fertile soil for such studies.
Thus, I do not think that the epidemiological pursuit of this problem
should come to a standstill. On the contrary, there are a host of biological
problems whose understanding will be considerably increased by taking ad-
vantage of the situations provided by these epidemiological models. We
only need the insight and imagination to pursue them wisely.
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